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(54) PROCESS FOR THE SIMULTANEOUS PREPARATION OF ACRYLONITRILE AND ACRYLIC 
ACID 

(57) The present invention relates to. in a method 
for producing acrylonitrile or acrylic acid by reacting pro- 
pane with ammonia and oxygen for gas phase catalytic 

oxidj^Jion in the presence of a metal oxide catalyst con- . . 

taining vanadium and at least one member selected 
from tellurium, antimony and molybdenum, a method for 
simultaneous production of acrylonitrile and acrylic 
acid, characterized by simultaneously producing acrylo- 
nitrile and acrylic acid by adjusting the molar ratio of 
propane to ammonia to from 2 to 1 0 and the molar ratio 
of oxygen to ammonia to from 2 to 10. 

According to the method of the present invention, in 
the arrmoxidation reaction of propane, the reaction is 
carried out by selecting the molar ratio of propane to 
ammonia and the oxygen ratio, whereby acrylonitrile 
and acrylic acid can be produced at high selectivity and • 
in high yield in a total amount. Further, the catalytic 
activities can be maintained for a long period of time, 
whereby the reaction can be carried out efficiently and 
constantly for a long period of time. 
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Desorfptlon 

Tft^HMir-AL FIELD ^ 

conrtantly over a long period ofBiTiB. 

TO p^nicrsRniJNDAHT 

rooozi AcrvlonltrSiB is industrially important as a material for synthetic resins, synthetic fibers, synthetic nAM.e^ 
whTacrISS i^lXtri J^^ as a material for highly water absorptive resins, synthetic 

ShS« S^S^Irers^ ioTleretofbre. acrytonftrile has been produced by readBng P^^V^^^;^'^^, 
2?2sS;«eScSatlon.wW^^ 

Z^p^^B^l attention hi been drawn to a method tor prcducSon of ^^^T^^^^^^ 
nwrfin^ensivB alkane fe used as a starting material. Partfculariy. from the difference In price J"*^?" P'!^^^!^ 
™r2tSiJ£n?Sbeend««ntoamelhodto^ 
SS^T^taetartng material, and propoealsloracatalystand.^^^ 

SThas been drawn tp de^«lopment of a method for produotion of aorylonllrlle bv ''J°^'^^"^^ 
SttS wherein propane IS as a etartinB material and react«l wHh ammonia »^ 

^iJZe^ as the catalyst for example, a Mo-a-P type 

Patent S 171 B76) a type catolyst (JP-A-47-33783. JP-B-S0-2aOie. JP-A-I -268668. JP.Ar2-1B063^. « V 5*°"^ 
^2^1 cilli 2p-B^TXir^a type catalyst (JP.A-2.95439) Is used Further, recently, a M«»-V-re^ 

type catalyst (JP-A*1S7241). has been proposed as an eflecbVB catalyst «^o«H,-«««*dfmmaaaa 
nroW] pSher. JP-A-3-27350 praposes a method wherein unreacted propane is sepwrted and ^^^^^^^^ 
KraXm a reactor and used as a startinB material gas fbr reacHon. thereby Increasing the yield of aery- 

IS? hand, also in a method fbr pmducUon of an unsaturated ««tc«yfic acid, f^^^;^^^, 

drSmlD a mShod wherein a mora inexpenehre alKane ie used asa starting matenal. Partta4toly. with rw«to Pro^ 
Sn of ^^cld !n one step by a gas phase catalytic oiidatlon reacdon method ^^^^^J^^ 
SedasastaiSng material and subjected to catalytic DxWationwIlh oxygen 1^^^ 

a method has been proposed in which as a catalyst, a Bi-Mo-V type and/or '^'^^J^'^'f^^^^ZZ 
?^the^1tS IntSrSonal Catalyst MeeHng. Collection of Summaries. ^1206.1214) or a P-^^^fb-W ^pe 
(Belgian Patent Application Na 9S(«m9) le used. However, recently. It has been praposrt 
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So«'" H^^er^Se'^tientloned producdon methods ^^^-t-^tSTtl^Tthl^S^^ 
rately by totally dependent reaction apparatus, and not intended to produce both ofjem simultaneously. Of course. 
notMng Is dtedosBd with respect to the reaclton operation cxwwJItlons fbr producing both. 

pi^nLQSURE OF iNVEI^Ott 

roiiaTl The present inventors have found that among the above catalysts, some catalysts have an ability to slmulta- 
SSSy P^?e^ 7S5onitrile and acryncacid iiSder epedflo ammoxldation conditions. If both of acrylonitnle ^d 
a^S ac^^Sn simultaneously be produced, in^^ 

large «dent. and yet If the selectivity and yield In the total amount of a'^Hflonitrite and acrylic a^.canbelr«^^ 
«3, wi« b^ adv^geous from the changeable cost of the starting '"f^^^'^^ P"'*]^,^'":*^^ 
whereby decrease wi* time of the catalyst pertbrmance can be suppressed, and the "^^^^ P«J''~"°f 'f,!J"?J^ 
^aZngT^ of time, whereby an Industrially extr«T«ly eHective method has beerHout^fbr the method for simul- 
uuneous praductfan of acrylonltrila and acrylic add. which has heretotore not »»Bn conned 
[D008] Namely, the present inventors have found ft possWe to produce atfylonittle and ^^^^^^T^. 
bvW^nflbroane wMi ammonia under specific catalyst and specific operation conditons and tooptlonally confrd Je 
Si^iSS^r^^STe and ao^c add. Further, by adopting su* a «''™«21S?SrcS'f^SvSo 
selectivity and yield in the total amount of acrylonltrile and acrylic add can be increased, and a method for impiovarg 
the stabifi^ with Hme of the catalytic perfbnnance. can be presented. 
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[0009] Namely, the gist of the present invention resides in, in a method for producing acrylonitrile or acrylic acid by 
reacting propane with ammonia and oxygen for gas phase catalytic oxidation in the presence of a metal oxide catalyst 
containing vanadium and at least one member selected from tellurium, antimony and molybdenum, a method for simul- 
taneous production of acrylonitrile and acrylic acid, characterized by simultaneously producing acr.ylonitrile and acrylic 
5 acid by adjusting the molar ratio of propane to ammonia to from 2 to 10 and the molar ratio of oxygen to ammonia to 
from 2 to 1 0. 

[0010] Here, "simultaneously producing" means "producing together" and is meant for "both will be produced". 
BRIEF DESCRIPTION OF THE DRAWINGS 

10 

[0011] 

Figure 1 shows the relation between the PA (propane)/NH3 ratio and the selectivity for acrylonitrile (AN) and the 
selectivity for acrylic acid (AA). in the method of the present invention. 
15 Figure 2 shows the relation between the O2/NH3 ratio and the selectivity for AN and the selectivity for AA. in the 

method of the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

■ 20 [0012] Now, the present invention will be described in detail. 

[0013] In the present invention, propane, ammonia and oxygen are reacted for catalytic oxidation in the presence of 
a specific composite metal oxide. 

[0014] The composite metal oxide catalyst is one containing vanadium, and at least one member selected from tellu- 
rium, antimony and molybdenum, as essential components. Among them, one containing molybdenum and vanadium 

25 as essential components, or one containing tellurium and/or antimony as an essential component, is preferred. More 
preferred may be a composite metal oxide catalyst which contains molybdenum, vanadium, X. Y and oxygen (wherein 
X is at least one member among tellurium and antimony, and Y is at least one element selected from the group consist- 
ing of niobium, tantalum, tungsten, titanium, aluminum, zirconium, chromium, manganese, iron, ruthenium, cobalt, rho- 
dium, nickel, palladium, platinum, bismuth, boron, indium, phosphorus, a rare earth element, an alkali metal and an 

30 alkaline earth metal), as essential components, and the proportions of the above respective essential components 
except for oxygen, are represented by the following formulae: , 

0.25<rMo<0.98 

35 0.003<rV<0.5 

0.003<rX<0.5 

- 0.003<rY<0.5 

40 

(wherein rMo. rV. rX and rY represent the molar fractions of Mo. V. X and Y, based on the total of the above essential 
components except for oxygen). 

[0015] Other than essential components of molybdenum, vanadium, and tellurium and/or antimony, at least one ele- 
ment among niobium, tungsten, titanium, tantalum, boron and cerium, is preferably contained as an optional compo- 
45 nent. and among them, niobium is particularly preferred, and more preferably, in addition to niobium, boron and/or 
cerium is contained. 

[001 6] As specific examples of the composite metal oxide catalyst to be used in the present inverition, catalysts of the 
following 1) to 6) may. for example, be mentioned. 

so 1 ) Mo-V-Nb-Te-O type catalyst (see JP-A-2-257) 

Moi.oVaTebNbcOx 
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(In the above formula, a, b and c represent atomic ratios of the respective constftuting elements relative to one atom of 
Mo. wherein a=O.Ol to 1 .0, b«0.01 to 0.5, and G-0,Oi to 1 -Q. and x is a number determined by the valencies of 
elements.) 

5 2) Mo-V-Te-Nb-X-O type catalyst (see JP-A-5-14«212) 

Mo^^VbTecNbdX^n 

(In the formula. X Is one or more elements selected among Mg, Ca, Sr, Ba, AJ, Qa. Tl, In. Ti, Zr, Hf, Ta» Or. Mn, VV^ Fe. 
Ru, Ca Rh. NL Pd, Ft Zn. Sn. Pb. As, Sb. Bl. La and Ce; when a^l. b»0.01 to 1.0. c=o.ol to 1.0. d»0 to 1,0. and 
x«a0005 to 1.0. and n Is a number d^ermined by the oxidized states of othor elements.) 

3) Nto-V-Te-X-O lype catalyst (see jp-A-5-208136. JP-A-5-279313) 

T5 MOaVfaTacX^On-Z^On, 

(In the formula. X is one or more elements selected among Mb, Ta. W. Ti. Al, Zr, Cr. Mn. Pe. Ru. Co. Rh, Nl, Pd. Pt. Sb, 
Bi and Ce. and Z Is at least one element selected among Sb. Bl, Ce and B, and when a-l . b=*0.01 to 1 .0. c=0-01 to 1 .0, 
xbO.01 to 1 .0, and zbO to 1 .0, and n and m are determined by the oxidized states of other elements.) 
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4) X-Cr-Mo-BI*YO type cataiyst (eea JP-A-6-1 1 6225) 

X»CrbMo^Y,0„ 

2S (In the formula. X is Nh and/or Ta, Y is ana or more elements selected among Te. In, W. Ti, Al. Zr. Mn, Fe, Ru, Co, R»i. 
Nl. Pd. Pt. Sb. Bi and Ce. when a«»10. b=0.5 to 5, c^.2 to 5, d=0.2 to 5. and e=0 lo S. and n Is determined by the oxi- 
dized states of other elements.) 



30 
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5) Mo-Cr-Bl-X-O ^e catalyst (see JP-A-7-21S925) 

MOaCrbmcXdOh 



(In the IbmTula. X is at least one merrtber selected among an alkan metal, an alkaline earth metal. Al. Zr. Ni, Co. Ce, Nb, 
Ta. W. -n. Mn. Ru. Rh, Pd. Pt Sb, B. In. La, R Sn. Pb and Cu. when a»1, b=0.0l to 10. c=0,01 to 10. and d=0 to 100. 
35 and n is determined by the oxidized states of other dements,) 

6) V-Sb type catalyst (see JP-A-1 -268668. JP-A-2-180637} 

(00171 This is a composite oxide catalyst which contains V and Sb as essential components and may further contain 

40 W, P, Sn, etc.. as optional oon^onents. w-r v^^^*-^^ 

[0018] Among these, 1) a Mo-V-Nb-Te-O type catalyst, 2) Mo-V-Te-Nb-XO type catalyst and 3) Mo-V-T©-X-0 type 
catalyst are preferred, since acrylonilrile and acrylic acid can thereby be obtdned at high selecCvity at a relatively low 
temperature of from 340**C to 480"C. , ^ ^ 

(00191 The production methods and the starting materials fer th© above composite metal oxide catalysts are not par- 

4s ticulariy limited, but a method Is commonly employed wherein a solution or slurry of water or an organic solvent con- 
taining component elements of the starting materials, is pcepared. than dried and calcined. 

[00201 For example, as a method for pmduction of a composite metal oxide containing molybdenum, vanadium, tel- 
lurium and niobium, an aqueous soluOon of telluric add. an aqueous solution of ammonium niobium oxalate and an 
aqueous solution of ammonium paramolybdate ara sequentially added to an aqueous solution of ammonium meta- 
vanadate in such a ratio that the atomic ratio of the respective metal elements will be the predetennraned pn^ortlona, 
fbllowed drying by e.g. an evaporation to dryness method, a spray drying method, a freeze drying method or a vac- 
uum drying method, to obtain a dried product, and then the obtained dried product is caldnad to obtain the composite 

metal ooffde. , «a ^ -u 

(00211 Such a corrvoslte metal oxide catalyst may be used alone, but a well known carrier component such as sil ca. 
alumina, titania, zirconla. alumlnosllicate or dlatomaceous earth, may. for example, be used. Othenwise. the cateJyst 
component may be diluted with such a material, so that it te used as a mixture containing the catalyst component In an 
amount of from 1 to 90 wt%. « ^ . 

[0022] Further, the catalyst may be formed into a suitable shape and partlde size depending upon the scale and tne 
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system of the reaction. 

[0023] Using the complex metal oxide catalyst thus produced, the operation conditions for the catalytic oxidation reac- 
tion of propane, ammonia and oxygen are set to be the conditions proposed by the present invention, whereby acrylo- 
nitrile and acrylic acid can be formed at high selectivity in the total amount, and the catalyst can be.maintained at a high 
5 selectivity of at least 60% in the total amount of acrylonitrile and acrylic acid over a long period of time of at least 7000 
hours, and thus the reaction can be carried out constantly over a long period of time. As such reaction operation con- 
ditions, it is necessary to adjust the molar ratio of propane to ammonia to from 2 to 10. preferably from 2.5 to 10. and 
the molar ratio of oxygen to ammonia to from 2 to 10. preferably from 3 to 8. 

[0024] Further, when the molar ratio of formed acrylonitrile and acrylic acid is from 0.01 to 5.0. preferably from 0 05 
10 to 2.0. the yield and the selectivity in the total amount of acrylonitrile and acrylic acid, will increase. Further, when such 
reaction operation conditions and the proportions of formed acrylonitrile and acrylic acid are set. decrease with time of 
the catalytic performance will be suppressed, and the catalytic performance can be maintained constantly over a long 
period of time. 

[0025] The propane to be used in the present invention may be one having an industrial purity and may contain a 
IS small amount of a gas which will not be influential to the reaction, such as methane, ethane, butanes, propylene, carbon 
monoxide or carbon dioxide, without any trouble. Further, the ammonia may be one having an industrial purity, and may 
be diluted with other gas which will not adversely affect the reaction. 

[0026] The oxygen may be pure oxygen gas. However, purity is not particularly required, and it is usually economical 
to use an oxygen-containing gas such as air. 
20 [0027] The reaction gas to be supplied may contain, in addition to the gas components for such a reaction, a small 
amount of a gas inert to the reaction, such as nitrogen, argon, steam, carbon dioxide or helium, without any trouble so 
long as formation of acrylonitrile or acrylic acid is concerned. 

[0028] The reactor may be of any system such as a fixed bed or fluidized bed system. However, since the reaction is 
an exothermic reaction, a fluidized bed system is preferred as the control of the reaction temperature Is easy. 

25 [0029] This reaction is usually carried out under atmospheric pressure, but it may be carried out under low pressure 
or reduced pressure. Further, the gas space velocity SV in the gas phase catalytic reaction is usually within a range of 
from 100 to 10000/h. preferably from 500 to 9000/h. Further, the space velocity WHSV based on mass of propane is 
within a range of from 0.05 to 6.0/h. preferably from 0.07 to 4.0/h. and the space velocity WHSV based on mass of oxy- 
gen is usually within a range of from 0.05 to 6.0/h. preferably from 0.2 to 4.5/h. The reaction temperature Is usually 

30 within a range of from 340 to 4ao°C. preferably from 380 to 460"C. 

[0030] Depending upon the reaction operation conditions, unreacted propane may be discharged in a substantial 
amount from the reactor. Such unreacted propane and propylene formed in a small amount may be recovered by a 
method as disclosed in JP-A-3-27350 and may be supplied again to the reactor for reuse, such being economical. 
[0031] Further, by the method of the present invention, in addition to acrylonitrile and acrylic acid, carbon monoxide. 

35 carton dioxide, acetonitrile. prussic acid, acrolein, acetic acid. etc.. may be formed as byproducts, but their amount is 
sufficiently small as compared with acrylonitrile and acrylic acid. 

[0032] The formed gas containing acrylonitrile and acrylic acid, discharged from the reactor, is absorbed in a dilute 
sulfuric acid aqueous solution to remove unreacted ammonia in the same manner as in the system for producing acry- 
lonitrile from propylene, and then separated by distillation operation to an aqueous solution containing acrylonitrile and 

40 acrylic acid. From me obtained aqueous solution, acrylonitrile and acrylic acid may be separated by a method such as 
distillation and pan be used for the respective uses. Further, by adopting the method proposed by the present Invention, 
the efficiency ior utilizing ammonia for acrylonitrile can be increased, and in other words, the amount of unreacted 
ammonia can be reduced, whereby treatment with dilute sulfuric acid, and treatment of the resulting ammonium sulfate 
can be reduced. Further, by the method of the present invention, in addition to acrylonitrile and acrylic acid, carbon 

45 monoxide, carbon dioxide, acetonitrile. prussic acid, acrolein, acetic acid. etc. may be formed as byproducts, but their 
amount is small. 

[0033] In the production in an industrial scale, unre.acted propane may be incinerated, but the off -gas after the reaction 
contains a useful product such as propylene, and It is more economical to recover and reuse unreacted propane and 
propylene. 

so 

EXAMPLES 

[0034] Now. the present invention will be described in detail with reference to Examples and Reference Examples. 
However, the present Invention is by no means restricted to these Examples unless it exceeds the gist thereof. 
55 [0035] The analyses of the reaction products were can-led out by gas chromatography. 

[0036] Further, the conversion (%) and the selectivity {%) in the following Examples and Comparative Examples are. 
respectively, represented by the following formulae. 
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Propane conversion (%) = (mols of consumed propane/mde of supplied propane) x 100 
Aeryionitrile selectivity {*) . (mob of Ibrmed aaylonitrilertnote of consumed propane) x 100 
Aoyfic arid eelecHvlty fjfc) = (mols of iormed acryfic addrtmols of consumed propane) x 1 00 
Prepyleneseleclivity (%) = (mob of farmed prapyleneAnote of consumed propam^ x 100 
CATALYST PRODUCTION EXAMPLE 1 

10037] An oxide catalyst havinfl an empirical formula of Mo, .0V0aNb0.12Te0.23On was prepared by a method disclosed 

\^ 11,1 war» fieojantianv added thereto to prepare a uniform aqueous soluflon. Further. 1 1 7.5 g ol an 

Sr^SiteSu^ was evaporated 10 dryness to oWain a sol^^ 
In a nitrogen stream at 800'C for 2 hours. 

CATALYST PRODUCTION EXAMPLE 2 

[0O391 Anoridecatalystha^anempiriealformulaofMOi.oVo.3N*%.i8Teo.^^^^ 

SIIS^ 15.7 o of ammonium metevanadate was dissolved in 325 ml of warm water, and 23.6 g of telluric add. 78.9 g 
STSral^^jjiS^ g Of cobaH acetate were sequentially added thereto to prepare ^J^J^^^ 
to^ rST 117.5 0 d an aqueoiK ammonia niobium oxatoe solution te^^^ 

^ SS^ri to prepaS a slurry. THs sluny was evapoiated to dryness to obtain a sdxJ. This solid was molded 
and pulverized, and then calcined In a rttrogen stream at 600'C for 2 hours. 

EXAMPLE 1 

100411 600 Q of the oxide of Catalyst Production Example 1 was packed into a 2 mchfluidized bed reactor, and a 3800 

P^aee SalSn^ctlon ias carried out at a reaction temperature of 46S-C by w^Jg a of 
«n^»iL,nla3dr-1:15:19moli»tioalaspacevelodtyVVHSV based on m^ 
Slr^suSacted to this 3800 hr reacfion. was packed into a <lxad bed reactor made of glass hawng a diameter of q mm. 

Sne-™nia alr = 1«.44:5.40 mdar ratio at a space velocity WHSV based on mass of propane = 2;63^- " *P«» 
SidT^StLed on mass ot oxygen = 2.08fti and a gae space velocity SV - 87l3/h. The results are shown « 
IttleU given hereinafter. 

40 EXAMPLE 2 ■ 

[0042] 0.1 g of the catalyst used tor the same 380Q hr reaction as in Example 1 . was packed Into ♦'r 
aWmanner « In Exami^ and a gas phase oxidation reaction was carried out at a reaction terrperature of «3 C 
^^^a^^^^B:amrJ^^ 1 ^).37:a.40 molar ratio at a space velocity WHSV based on mass of pre 
43 pane a 2.53/h. The results are shown in Table l given hereinafter, 

EXAMPLE 3 

r0043] 0.1 g of the catalyst used in the same 3800 hr reaction as In Exafif)le 1 . wae padced into ^^J^^^^ 
iame manner as In ExampiTl , a«l a gas phase «ddation reaction was canied out ^if;«^^^^ ^^^^ 
by supplying a gas of pfopanetammoriaialr « 1 10^:5.40 molar rafi^ 
pane a 2.S3/h. The results are shown In Table 1 given hereinafter. 

EXAMPLE 4 

. r00441 0 1 a of the catalyst used in the same 3800 hr reaction as in Example 1 . was packed Into the reactor in 1h^ 
by supplying a gas ot propaneammoniaair - 1 :0.16:5.40 molar ratio at aapace velocity WHSV based on mass of pro 
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pane = 2.53/h. The results are shown in Table 1 given hereinafter. 
COMPARATIVE EXAMPLE 1 (a case where no acrylic acid was formed) 

5 [0045] 0.1 g of the catalyst used in the same 3800 hr reaction as in Example 1, was packed into the reactor in the 
same manner as in Example 1 . and a gas phase oxidation reaction was carried out at a reaction temperature of 433'C 
by supplying a gas of propane:ammonia:air = 1 :0. 55:5. 40 molar ratio at a space velocity WHSV based on mass of pro- 
pane = 2.S3/h. The results are shown in Table 1 given hereinafter. 

10 COMPARATIVE EXAMPLE 2 (a case where no acrylonitrile was formed) 

[0046] 0.1 g of the catalyst used in the same 3300 hr reaction as in Example 1 . was packed into the reactor in the 
. same 'T^anner as in Example 1 , and a gas phase oxidation reaction was carried out at a reaction temperature of ^ZZ^C 
by supolying a gas of propaneiair = 1 :5.40 molar ratio at a space velocity WHSV based on mass of propane = 2.53/h. 
15 The results are shown in Table 1 given hereinafter. 

EXAMPLES " 

[0047] 0.55 g of the catalyst used in the same 3800 hr reaction as in Example 1. was packed into the reactor in the 
20 same manner as in Example 1 . and a gas phase oxidation reaction was carried out at a reaction temperature of 378'C 
by supplying a gas of propane:ammonia:air = 1 :0.40:1 5.0 molar ratio at a space velocity WHSV based on mass of pro- 
pane = 0.109/h. The results are shown in Table 1 given hereinafter. 

COMPARATIVE EXAMPLE 3 

25 

[0048] 0.6 g of the catalyst used in the same 3800 hr reaction as in Example 1 . was packed into the reactor in the 
same manner as in Example 1 . and a gas phase oxidation reaction was carried out at a reaction temperature of 404''C 
by supplying a gas of propane: ammonia :air = 1 :0.60:8.00 molar ratio at a space velocity WHSV based on mass of pro- 
pane = 2.73/h. The results are shown in Table 1 given hereinafter. 

30 

COMPARATIVE EXAMPLE 4 

[0049] 0.55 g of the oxide of Catalyst Production Example 2 was packed into the reactor in the same manner as in 
Example 1 , and a gas phase oxidation reaction was carried out at a reaction temperature of 447'C by supplying a gas 
35 of propane:ammonia:air = 1 :1 .20:15.0 molar ratio at a space velocity WHSV based on mass of propane = 0.182/h. The 
results are shown in Table 1 given hereinafter. 
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